A 2400 base pair DNA segment containing the leftward operator (OL) of phage X was covalently joined in vitro to a fragment of simian virus 40 (SV40) DNA harboring the SV40 replication origin. (3, 4). The restriction endonuclease from Bacillus amyloliquefaciens H (R.BamI) was the phosphocellulose fraction described by Wilson and Young (10).
A new approach for obtaining mammalian transducing viruses has recently been suggested from studies of reiteration mutants of papova viruses (1) (2) (3) (4) . These mutants, derived from serial undiluted passage of simian virus 40 (SV40) or polyoma in permissive cells, characteristically have deleted a large part of the wild-type (WT) genome and reiterated in tandem a small part bearing the origin for viral DNA replication. Structural analysis (2, (5) (6) (7) has indicated that this origin is the only required cis function for replication. Thus, in analogy to the cloning of foreign DNA segments in Escherichia coli by enzymatic insertion into a suitable plasmid or phage X replicon (8, 9) , one could use a segment of SV40 DNA containing its initiation site as the vector for a eukaryotic or prokaryotic DNA segment, of appropriate size for encapsidation.
We have found that the short, monomer segments from SV40 reiteration mutants can serve as vectors for propagating specific segments of X DNA in monkey kidney cells. In our initial experiments, a defective hybrid bearing a specific 520 base pair (bp) segment from the X immunity region was propagated but not cloned in monkey cells (4) . In this communication we describe the partial cloning in monkey cells of a 2300 bp segment neighboring that 520 bp segment. The cloning of this hybrid in mammalian cells not only shows the efficacy of defective SV40 vectors but also provides an opportunity for examining a well-characterized prokaryotic genetic regulatory site in a eukaryotic environment. This region of X seemed appropriate for the construction of novel recombinant DNA molecules, since it lacked the replication functions of X, and the leftward operator (OL) that it contained could be specifically identified in a hybrid molecule by X repressor binding. MATERIALS AND METHODS Cells and Virus. Both primary African green monkey kidney cells (Flow Laboratories) and the CV-1 line of monkey kidney cells were subcultured in Eagle's minimal essential medium supplemented with 10% calf serum. The smallplaque strain 776 of SV40 and the triplication mutant as were propagated as before (3) .
Cleavage of DNAs with Bacterial Restriction Endonucleases. Restriction endonucleases from E. coli RY-13 (R. EcoRI), Hemophilus influenzae d (R.HindII+III and R.HindIII), H. parainfluenzae (R.HpaII), and H. aegyptius (R.HaeIII) were employed as previously described (3, 4) . The restriction endonuclease from Bacillus amyloliquefaciens H (R.BamI) was the phosphocellulose fraction described by Wilson and Young (10) .
The DNA from a triplication mutant, a3, was prepared from infected monkey cells and the monomer segment, a, was isolated after R.EcoRI cleavage (3, 11) . An 80 ,g sample of fragment a was incubated with R.BamI and the two cleavage products (aBam-A and aBam-B) were purified by electrophoresis in a 3.0% polyacrylamide-0.5% agarose slab gel (4, 12) . A 2 ,tg sample of aBam-A was further cleaved with R.HindIII (4) . A 115 jig sample of the X EcoRI-B fragment (13) (14) (15) was cleaved using R.HindIII (4) and R.BamI. The products of cleavage were separated by electrophoresis through 2% polyacrylamide-0.5% agarose slab gels and the 2400 bp segment was excised and eluted (3, 4) .
In Vitro Recombination of DNA Segments. For the formation of hybrid DNA molecules, the following were added to a 130 MlI reaction mixture (3, 4) (3, 4) .
Cloning and Characterization of the Hybrid. A modification of the infectious center method of Fried (16) was employed for cloning hybrid genomes, as described in the legend to Fig. 2 . The procedures for analysis of the purified hybrid DNA, using DNA-DNA hybridization, X repressor binding, restriction endonucleases, and electron microscopy have been detailed before (3, 4, 17 (19) . After treatment with R.BamI and R.HindIII, the second largest resulting fragment (2400 bp) was isolated. This fragment contains OL (19, 20) , one Bam cohesive end (10) , and one HindIII cohesive end (21) .
A defective triplication mutant (a3) of SV40, bearing the initiation site for SV40 DNA replication in each monomer segment, has been described previously (1, 3, 5, 11 (Fig. 2A) . The faster (i.c.219-f2) constituted 56% of the superhelical DNA, and the slower (i.c.219-f1) amounted to 28%, as judged by densitometry. The f2 DNA was resistant both to R.EcoRI and R.BamI, while fl DNA was resistant only to R.EcoRI ( Fig. 2A) . Thus, it was possible to purify the predominant shortened DNA species either by preparative agarose gel electrophoresis and excision of individual DNA bands or by isolation of the EcoRI-and BamI-resistant DNA after neutral sucrose sedimentation. These purified species are shown in Fig. 2B . Monkey cells were mixedly infected with purified f2 DNA and WT SV40 DNA, thereby generating a virus stock containing 74% f2 DNA and about 4% fI DNA (Fig. 2C) . The size of the f2 DNA based on its mobility in 1.4% agarose was determined to be 80% that of WT SV40
DNA.
An evaluation of the homology of i.c.219 DNA with X DNA is presented in Table 1 . Of the three species isolated by preparative agarose gel electrophoresis, f2 DNA was bound most strongly to the X filter. A similar high level of binding can be seen for the equivalent DNA which was resistant to endonucleases R.EcoRI and R.BamI (f2-endo R).
Biochemistry: Nussbaum et al. From the structure of the X component linked to the SV40 replicon in the original infecting chimeric DNA, the partially cloned chimera was expected to harbor the OL site to which X repressor binds (17) . As Fig. 3 illustrates, the bind- Fig. 2B . The f2-endo R DNA was isolated after endonuclease R.EcoRI and BamI treatment of i.c.219 DNA. The last two experiments were carried out with 3H-labeled DNA (4). All input DNAs were heat denatured prior to incubation with filters and hybridization analysis was as before (4) . In all cases nonspecific binding (50-100 cpm) to blank filters has been subtracted.
The differences in % bound between the unfractionated i.c.219 DNA and the purified f2 species is explained in part by different molar ratios of A DNA on individual filters to the labeled hybrid DNA in solution. The binding of the WT and fl species purified by agarose gel electrophoresis to X filters is due to contamination with small amounts of f2 in these fractions.
ing of X repressor to f2 DNA was easily detected at repressor levels which bound SV40 DNA to an insignificant extent. Several restriction endonucleases known to produce specific fragments from either the vector DNA or the X immunity region were used to examine the physical structure of the hybrid DNA. While the endo R.HaeIII cleavage pattern of X DNA [ Fig. 4A (i) ] was too complex to permit comparison with f2 [ Fig. 4A (v) ], this cleavage of the X R.EcoRI-B fragment appeared to yield several fragments whose migrations were identical to those of fragments from f2, suggesting the presence of X DNA sequences in the hybrid. Interestingly, cleavage of both the X R.EcoRI-B [ Fig. 4A (iv) ] and f2 [ Fig. 4A (vi) ] with R.HpaII revealed two identical small fragments corresponding to 570 and 350 bp. These fragments are known to be located in the region of the leftward operator of X (19, 20, 22) .
It has been shown (19, 20) that two R.HpaII cleavage sites in the region of OL are within an R.HindII+III fragment of 1125 bp. Cleavage of f2 with R.HindII+III produced a 1250 bp fragment instead of the 1125 bp fragment which contained R.HpaII cleavage sites (Fig. 4B) (Fig. 5) . in a total volume of 2 ml. The resulting complex was retained on a filter and eluted with a buffer containing sodium dodecyl sulfate (20) . A 10% aliquot of the eluate (7000 cpm) was subjected to electrophoresis and autoradiography (i) as described in the legend to lowed to anneal to the denatured X R.EcoRI-B fragment. The homology between the two DNAs as seen in Fig. 6 represents about 32% of the X fragment, or 2300 bp. This part of X spans the region between 71 and 76 map units and bears OL.
DISCUSSION
In this report, we have described the partial cloning of a 2300 bp X segment in monkey cells. The heterogeneous progeny viral DNA from the original infection with the in vitro ligation products was inadequate for detailed structural studies of the prokaryotic segments, and only after enrichment for the hybrid with the cloning procedure were we able to perform these studies. The heteroduplex analysis of the X sequences in the chimera showed no deletion or substitution loops and indicated that its primary structure was preserved, at least to a resolution of 100 bp. The R.HpaII cleavage profile [ Fig. 4A (vi) ] and X repressor binding analysis (Fig. 5) revealed that the 920 bp region bearing OL in X DNA was preserved intact. However, loss of small regions was detected in the chimera as judged by loss of both the R.BamI and R.HindIll cleavage sites ( Figs. 2A and 4B ). The in vivo closure (24) of the original linear recombinant molecule probably accounts for loss of one of these sites.
There are several potential applications of this method of propagating foreign DNA in mammalian cells. Transcriptional and translational control mechanisms could be studied by examining the fate in different mammalian cell lines of a variety of prokaryotic genetic sequences (e.g., a X operator, rRNA or tRNA genes, or genes coding for specific enzymes) covalently linked to SV40 DNA. The chimeric molecule described in this report can be isolated from infected cells as a nucleoprotein complex (chromatin; Nussbaum and Fareed, unpublished results), whose characterization should aid in analyzing the arrangement of histones around a well-defined regulatory site and their effects on the interaction of a repressor with its specific site of action. This method also provides a sensitive test for the presence of restriction endonucleases, and our findings with a relatively small segment of X DNA suggest that they do not exist in monkey cells.
